Background Tranexamic acid (TEA) reportedly reduces perioperative blood loss in TKA. However, whether it does so in minimally invasive TKA is not clear. Questions/purposes We asked whether TEA would reduce blood loss and blood transfusion requirements after minimally invasive TKA. Patients and Methods We prospectively enrolled 100 patients who underwent minimally invasive TKAs: 50 received one intravenous injection of TEA before deflation of the tourniquet and a control group of 50 patients received an equivalent volume of placebo. We compared changes in hemoglobin, postoperative drainage, total blood loss, and transfusion rates between the two groups. Results The total blood loss was less for patients in the TEA group than for the control group: 833 mL (374-1014 mL) versus 1453 mL (733-2537 mL), respectively. The rate of blood transfusion also was less for patients in the TEA group than in the control group (4% versus 20%). The hemoglobin levels on the second and fourth postoperative days were greater for patients in the TEA group than in the control group.
Introduction
TKA is associated with considerable blood loss, ranging from 1000 to 1500 mL after conventional TKA, with an average transfusion rate of 1 to 2 U of allogeneic blood [8, 17, 21] . The fibrinolytic system is activated transiently after any surgery [30] , and the use of a pneumatic tourniquet to create a bloodless field is associated with increased fibrinolytic activity in the surgically treated limb in animal models [23] and for patients having elective orthopaedic surgery [10, 29] . The increased fibrinolytic activity may increase blood loss after knee arthroplasty during first few postoperative hours [5, 13] . TEA, an inhibitor of fibrinolysis [25] , decreases postoperative blood loss after conventional TKA according to some reports [5, 13, 26, 32] .
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conventional TKA, less intraoperative and postoperative blood loss is anticipated. However, the literature contains contradictory results regarding perioperative blood loss after MIS-TKA. Laskin et al. [19] reported greater postoperative drainage in the MIS-TKA group than in the standard TKA group. However, Tenholder et al. [34] reported that patients with MIS-TKA required fewer transfusions than the patients with the standard approach. Furthermore, the effect of TEA on reducing postoperative bleeding after MIS-TKA has not been reported.
We therefore asked whether a one-injection protocol of TEA would reduce blood loss and blood transfusion requirements after MIS-TKA.
Patients and Methods
We conducted a prospective comparative study to answer the above question. Between October 2008 and June 2009 we treated 166 patients with late-stage arthritis of the knee who underwent a unilateral MIS-TKA. We excluded 57 patients: 36 patients with thrombocytopenia or hemophilia, prior surgery of the affected knee, hemoglobin (Hb) less than 10 g/dL on the day of admission, a history of thromboembolic disease or lifelong warfarin therapy for thromboembolism prophylaxis; 17 declined to participate in the study; and four who did not withhold use of aspirin for 1 week before admission. This left 109 patients who were assigned to either the study (TEA) or the control group ( Fig. 1 ). Patients who underwent surgery on days ending in an odd number were assigned to the TEA group, and patients who underwent surgery on days ending in an even number were assigned to the control group. In the TEA group, 10 mg/kg of TEA (Transamin 50 mg/mL; China Chemical and Pharmaceutical Co, Taiwan, ROC) was administered through an intravenous drip before deflation of the tourniquet, usually at the end of wound closure. In the control group, an equivalent volume of normal saline was used. Four patients subsequently were excluded from the study owing to release of the tourniquet during surgery. Five patients (two in the control group and three in the study group) were excluded owing to incomplete data collection. Therefore, 100 patients were included in the statistical analysis ( Fig. 1 ). The minimum followup was 12 weeks (mean, 36 weeks; range, 12-84 weeks). No patients were lost to followup. This study was approved by the Institutional Review Board and all patients signed informed consent.
The sample size was calculated as follows. Camarasa et al. reported the total blood loss after traditional total knee replacement in a control group was 1784 (660) mL [9] . Assuming a mean difference of 400 mL or greater total blood loss between two groups, to obtain a statistical power of 0.85 and alpha error of 0.05, 45 patients were required in each group. Expecting a 10% loss to followup and 10% being excluded from analysis, 110 patients were enrolled.
All patients taking aspirin or nonsteroidal antiinflammatory medicine for prophylaxis of thromboembolism were asked to abstain from taking them for 1 week before surgery. On the day of admission, all patients underwent baseline blood tests including Hb level, hematocrit (Hct), prothrombin time (PT), activated partial thromboplastin time (APTT), and platelet count. The preoperative severity of knee deformities and functional status of the limb were documented by knee ROM and mechanical axis of the knee. The preoperative characteristics, including age, gender, disease of the knee, body mass index (BMI), preoperative Hb level, Hct, PT-international normalized ratio (INR), APTT-INR, American Society of Anesthesiologists (ASA) risk, preoperative mechanical axis, and ROM of the knee, were comparable in both groups ( Table 1) .
All surgery was performed or supervised by the same surgeon (JWW) using the mini-midvastus approach for MIS-TKA, as described by Haas et al. [12] . All patients received general anesthesia. A tourniquet was applied around the thigh after elevation of the limb and exsanguination with an Esmarch band and inflated to a pressure of 300 mm Hg before skin incision. All TKAs were unilateral and cemented using the same prosthesis (Nex-Gen, Legacy Posterior Stabilized Prosthesis; Zimmer, Warsaw, IN, USA). We used an intramedullary alignment rod for femoral cutting and an extramedullary guide system for tibial cutting. The femoral canal for intramedullary guiding was routinely plugged with bone. Meticulous electric cauterization of the soft tissue bleeding points was performed throughout the surgery. The tourniquet was not released until skin closure and application of a compressive dressing. We used two intraarticular drains connected to a vacuum bag (Hemovac, Zimmer) without compression of the bag (ie, without vacuum) during the first 12 hours after surgery. Our protocol of fluid resuscitation after TKA was 100 mL per hour of 1 . 4 saline for 12 hours after surgery. After 12 hours, 60 mL per hour was given until the morning of the second postoperative day as long as the patients' vital signs were stabilized. The mean lengths of the incisions in full knee extension were similar (p = 0.125) in the two groups: 10.4 cm in the control group and 10.1 cm in the TEA group. Intraoperative blood loss was negligible in all patients because the tourniquet was not deflated until wound closure. Twelve hours postoperatively, the bag was fully compressed, creating a negative pressure (60 mm Hg). It was our standard protocol that the drains were removed on the second postoperative day no matter what the drain output was. All patients received intravenous prophylactic antibiotic therapy consisting of 1 g cefazolin preoperatively, followed by 1 g every 8 hours for three doses postoperatively. Standard thromboprophylaxis was prescribed postoperatively for all patients, by subcutaneous administration of 20 mg enoxaparin (Clexane, Glaxo-Smith-Kline, Brentford, Middlesex, UK) every 12 hours until discharge. After that, patients were given indomethacin orally for at least 4 weeks, the regimen reported in a previous study of deep venous thrombosis (DVT) in TKA [36] . No other modalities of thromboembolic prophylaxis, such as foot pumps or antiembolic stockings, were used. The mean hospital stay was similar (p = 0.332) in the two groups: 5.38 days for the control group and 5.16 days for the TEA group (Table 2) . Postoperative blood loss was recorded every 2 hours for the first 8 hours, and every 8 hours thereafter, until drains were removed on the second postoperative day.
Both groups followed a standard postoperative rehabilitation protocol, including continuous passive motion of the knee and muscle strengthening exercise immediately after returning to the ward. All patients were asked to get out of bed with walker support on the afternoon of the first postoperative day to decrease the incidence of DVT, as described by Pearse et al. [28] .
All patients returned to the clinic 2 weeks after surgery for suture removal and clinical examinations, at 6 weeks for clinical evaluation of functional recovery, and at 12 weeks for radiographic examination of the knee. Partial weightbearing usually was allowed 4 to 6 weeks after surgery and full weightbearing usually was allowed 6 to 12 weeks after surgery.
Postoperative Hb levels were recorded on the first, second, and fourth days postoperatively. It was assumed that blood volume was normalized on the fourth postoperative day. Total Hb loss was calculated by subtracting the Hb level on the fourth postoperative day from the preoperative Hb level. The total blood loss was calculated according to the method of Nadler et al. [22] , using the maximum postoperative decrease in the Hb level, adjusted for weight and height of the patient. Total blood loss consisted of the amount of blood loss, calculated from the total Hb loss and the amount of allogeneic blood transfused [7, 22] . The volume of transfused concentrated erythrocytes was calculated as 1 unit equivalent to 250 mL. An Hb level of 8.5 g/dL or less reflects blood transfusion of one unit of concentrated erythrocytes. No patients autodonated blood for transfusion. The hidden blood loss (residual blood in the joint and soft tissues and loss attributable to hemolysis) [31] was calculated by subtracting the amount of total drainage from total blood loss.
We used the principle of transfusion based on the criteria and guidelines for perioperative transfusion suggested by the National Institutes of Health Consensus Conference, which states that the decision to transfuse blood depends on clinical assessment, aided by laboratory data, indicating patients' symptoms and signs relevant to acute anemia [24] . Therefore, our indication for blood transfusion was set at an Hb concentration of 8.5 g/dL or a postoperative Hb level between 8.5 and 9 g/dL with clinical evidence of acute anemia [1] . It may be adjusted according to patients' cardiovascular status.
Clinical wound conditions, including hematoma, bleeding, ecchymosis, or drainage, and all signs of infection were recorded. Thigh and calf circumferences were measured at 15 cm above and below the patella if there was clinical swelling of the leg. The presence of DVT was assessed by the presence of thigh and calf swelling, or edema greater than 3 cm when compared with the contralateral leg, and calf tenderness [37] for as long as 12 weeks postoperatively. Routine screening was not used for venous thrombosis, but all clinically suspected thromboses or pulmonary embolisms were investigated using antegrade venography or CT of the chest. We determined differences in distribution of demographics and preoperative clinical data, including BMI, PT-INR, platelet count, APTT-INR, Hb level, and Hct between groups using the Wilcoxon rank sum test. We determined differences in operative time, wound length, hospital stay, drainage blood loss, total blood loss, hidden blood loss, postoperative Hb level, and Hb change level between the control and the TEA groups using the Mann-Whitney test. Descriptive data including blood transfusion risk and average volume were compared through the chi square test. All statistical comparisons were made using Statistical Package for Social Science (SPSS) software (Version 13; Chicago, IL, USA).
Results
The total blood loss was less (p \ 0.001) in the TEA group than in the control group (833 versus 1453 mL). The hidden blood loss was less (p \ 0.001) in the TEA group than in the control group (354 versus 897 mL) ( Table 3 ). There was a reduction (p = 0.014) in transfusion rates in the TEA group compared with the control group (4% versus 20%) ( Table 2 ). Ten patients in the control group received allogenic red cell transfusion (two patients received 2 units and eight patients received 1 unit), whereas in the TEA group, two patients received allogenic red cell transfusion (1 unit each). The mean units of transfusion per patient were less (p = 0.013) in the TEA group than in the control group (0.08 versus 0.48 units) ( Table 2 ). The amounts of drainage from postoperative 0 to 2 hours, 2 to 4 hours, and 4 to 6 hours were less in the TEA group than in the control group (Table 3) , but the total drainage was similar. The Hb level on the first postoperative day was similar (p = 0.05) in the two groups. It was greater in the TEA group than in the control group on the second and fourth postoperative days ( Table 2) .
Two patients in the TEA group had superficial skin necrosis, and one of them had a wound infection develop. The superficial skin necrosis was treated with wound care using iodine and no additional débridement or skin graft was necessary. One patient in the control group had a superficial wound infection. All infections resolved after administration of oral antibiotics and wound care for approximately 1 week. Postoperative hematomas were observed in 11 patients (22%) in the TEA group and in 18 patients (36%) in the control group. The hematomas in both groups were minor and all resolved with rest and use of ice packs for approximately 1 week. Postoperatively, six patients (12%) in the control group had ecchymosis over the thigh and/or leg in the operative limb, but ecchymosis of the operative limb was not observed in the TEA group. Other complications, such as deep infection or fat embolism, were not observed in either group. Two patients in each group had venography of the legs and one patient in each group (2%) had radiographically confirmed DVT in the leg. The symptoms were relieved in both patients after warfarin therapy for 3 months. No other patients had clinical evidence of DVT postoperatively and no further investigations were performed. No patient had clinical evidence of pulmonary embolism, and there were no fatalities from any cause.
Discussion
We are aware that the use of antifibrinolytics such as TEA is effective for reducing perioperative blood loss and allogeneic blood transfusion in patients undergoing conventional TKAs [5, 13, 26, 32] . The dose protocols of TEA reported in the literature included one intraoperative dose of 10 mg/kg [5] , one intraoperative dose of 15 mg/kg [26] , or two intraoperative doses of 10 mg/kg, given 3 hours apart [11] . There have been no reports regarding the use of TEA as chemoprophylaxis for perioperative bleeding during MIS-TKA. The measurement of blood loss after MIS-TKA reported in the literature was based on intraoperative bleeding and postoperative drainage [18, 35] that do not reflect actual blood loss. We therefore asked whether one intraoperative injection protocol of TEA would reduce postoperative blood loss and blood transfusion requirements after MIS-TKA.
We recognize limitations to our study. First, our sample size (100 patients) is too small to address some questions. However, our calculation of the study size was according to a minimum difference of blood loss of 400 mL between groups, obtaining a power of 0.85, and an alpha value of 0.05. Second, our study design was nonblinded and nonrandomized and can be regarded only as a prospective comparative trial. Third, our selection of patients was limited to those with no history of thromboembolism, a preoperative Hb of 10 g/dL or greater, and no previous surgery of the affected knee. Fourth, there was no conventional TKA group for comparison.
We found the use of TEA reduces total blood loss and transfusion requirements in MIS-TKA. The total mean blood loss in the control group for MIS-TKA in our study was 1453 mL, which is similar to reported rates for conventional TKAs using intraoperative blood loss and postoperative drainage or by maximum loss of Hb level as methods of calculation [5, 9, 11, 13, 16, 17, 20, 31] ( Table 4 ). The blood-saving effect of TEA in postoperative blood loss after conventional TKA was 45% to 48% in two studies [5, 13] . In our study, the total mean blood loss in the TEA group was 833 mL. The blood-saving effect was 43%, which is similar to effects reported by previous investigators for patients who underwent conventional TKA [5, 13] . As a result of conserving blood, the mean Hb level was greater in the TEA group than in the control group on the second and fourth postoperative days. On the first postoperative day, the mean Hb was 11.5 g/dL in the TEA group and 10.9 g/dL in the control group. This may be attributable to the small sample size of our study and inadequate fluid resuscitation on the first postoperative day.
The amount of postoperative drainage that occurred within 6 hours was substantially greater in the TEA group than in the control group. However, after 6 hours, the amount of drainage was similar in both groups. This timerelated change of postoperative blood loss is similar to that reported by Yamasaki et al. [38] , who reported lower blood loss in the TEA group compared with the control group only up to 4 hours after cementless THA. This result may be related to the minimum therapeutic duration of approximately 3 hours after intravenous injection of tranexamic acid [4] .
The operative time for the control group was longer than for the TEA group. However, the mean total blood loss was less for the TEA group than for the control group. The operative time in our study did not reflect the complexity of the procedure because, as a local teaching hospital, many of the wound closure procedures were performed by young surgeons. In that case, a prolonged operative time is expected. Furthermore, a longer operative time does not imply a greater chance of postoperative bleeding. Kolisek et al. [18] reported a longer operative time for a MIS-TKA than for a standard TKA. However, the blood loss in both groups was similar. There were more hematomas in the knee and more cases of skin ecchymosis of the lower limb in the control group than in the TEA group in our study.
With the use of a tourniquet during TKA, the early posttraumatic fibrinolysis is further augmented [10] . The expected postoperative blood loss within 8 hours will be 60% of the total blood loss in the TEA group and 80% in the control group [4, 5] . This explains our results of more hematomas and skin ecchymosis in the control group.
Owing to the antifibrinolytic effects, the risk of increasing venous thromboembolism by using TEA is a cause for concern [2, 3, 27] . We excluded patients with a history of thromboembolic disease, and we routinely used low-molecular-weight heparin postoperatively for thromboembolic prophylaxis. We diagnosed only one patient (2%) in each group with DVT and there was no clinical evidence of pulmonary embolism. TEA does not influence fibrinolytic activity in vein walls [3] . Therefore, neither our study nor previous studies [5, 14, 15, 32] observed a greater incidence of venous thrombosis in patients treated with TEA. However, the detection of DVT in our patients was based on clinical observations (thigh/calf swelling [ 3 cm and calf tenderness), followed by positive findings of antegrade venography which did not reveal the true incidence of DVT. Further investigations using thromboembolism screening tests such as radioisotope venography may be required [32] .
Our prospective comparative study showed one intraoperative injection of TEA is effective in reducing total blood loss and the requirement of blood transfusion after MIS-TKA for patients without a history of thromboembolic disease. We found the total blood loss after MIS-TKA not as low as expected.
